Abstract. In 2014, FDU-PB-22 and FUB-PB-22, two novel synthetic cannabinoids, were detected in herbal blends in Japan, Russia, and Germany and were quickly added to their scheduled drugs list. Unfortunately, no human metabolism data are currently available, making it challenging to confirm their intake. The present study aims to identify appropriate analytical markers by investigating FDU-PB-22 and FUB-PB-22 metabolism in human hepatocytes and confirm the results in authentic urine specimens. For metabolic stability, 1 μM FDU-PB-22 and FUB-PB-22 was incubated with human liver microsomes for up to 1 h; for metabolite profiling, 10 μM was incubated with human hepatocytes for 3 h. Two authentic urine specimens from FDU-PB-22 and FUB-PB-22 positive cases were analyzed after β-glucuronidase hydrolysis. Metabolite identification in hepatocyte samples and urine specimens was accomplished by high-resolution mass spectrometry using information-dependent acquisition. Both FDU-PB-22 and FUB-PB-22 were rapidly metabolized in HLM with half-lives of 12.4 and 11.5 min, respectively. In human hepatocyte samples, we identified seven metabolites for both compounds, generated by ester hydrolysis and further hydroxylation and/or glucuronidation. After ester hydrolysis, FDU-PB-22 and FUB-PB-22 yielded the same metabolite M7, fluorobenzylindole-3-carboxylic acid (FBI-COOH). M7 and M6 (hydroxylated FBI-COOH) were the major metabolites. In authentic urine specimens after β-glucuronidase hydrolysis, M6 and M7 also were the predominant metabolites. Based on our study, we recommend M6 (hydroxylated FBI-COOH) and M7 (FBI-COOH) as suitable urinary markers for documenting FDU-PB-22 and/or FUB-PB-22 intake.
INTRODUCTION
Synthetic cannabinoids (SC) are agonists at endogenous cannabinoid CB 1 and CB 2 receptors and were initially synthesized as pharmacological probes for investigating the endocannabinoid system and developing potential therapeutic compounds (1, 2) . Since the mid-2000s, SC are abused due to psychoactive effects (3) , which has resulted in increased numbers of emergency room visits due to psychotic episodes, kidney failure, stroke, myocardial infarctions, and even occasional deaths (4) (5) (6) (7) .
Because of increased prevalence and health concerns, many SC such as JWH-018, JWH-073, JWH-200, UR-144, XLR-11, AKB-48, AB-PINACA, AB-FUBINACA, AB-CHMINACA, and THJ-2201 were scheduled in the USA, Japan, and most European countries (8) . A total of 858 SC were scheduled in Japan as narcotics or designated substances as of April 2015 (9) . Despite regulations, clandestine laboratories continuously produce structurally diverse compounds to circumvent scheduling legislation. The European Monitoring Centre for Drugs and Drug Addition (EMCDDA) reported 30 new SC in 2014 and a 200-fold increase in the number of SC seizures from 2008 to 2013 (10) .
Two of the newest SC, FDU-PB-22 (naphthalen-1-yl 1-[(4-fluorophenyl)methyl]-1H-indole-3-carboxylate) and FUB-PB-22 (quinolin-8-yl 1-[(4-fluorophenyl)methyl]-1H-indole-3-carboxylate) (Fig. 1a, b) , were first reported by Japanese researchers in 2014 (11, 12) . The only difference between FDU-PB-22 and FUB-PB-22 is the naphthalene or quinoline ring, respectively, connected to the indole core via an ester bond. The United States Army Criminal Investigation Laboratory (USACIL) reported 16 positive cases of FUB-PB-22 and 6 positive cases of FDU-PB-22 between February and November 2014 (unpublished data). FUB-PB-22 also was detected in Russia in May 2014 (13) and the Mayotte Islands (14) . Proliferation of novel psychoactive substances (NPS) is a global challenge; identifying NPS intake and associating specific adverse effects with the causative agent requires rapid elucidation of NPS and their major urinary metabolites because SC are usually extensively metabolized and the parent drug is rarely present in urine (13) .
FUB-PB-22 is the fluorobenzyl analog of PB-22, maintaining the core structure of an indole ring system linked to a quinoline by an ester group, but with the pentyl side chain replaced by a para-fluorobenzyl substituent (FUB). This substituent also was utilized in AB-FUBINACA (Fig. 1d) . FDU-PB-22 and FUB-PB-22 have identical structures except the replacement of naphthalene with quinoline. Introduction of a nitrogen atom increased the polarity of FUB-PB-22. The predicted logD4 values of FDU-PB-22 and FUB-PB-22 were 6.37 and 3.07, respectively (predicted by MetaSite software, Molecular Discovery, Pinner, UK). To date, to our knowledge, there are no clinical studies investigating pharmacological and toxicological effects and the pharmacokinetics of FDU-PB-22 and FUB-PB-22. The only available data about their effects are found in drug user forums on the internet, for instance, www.drug-forum.com. However, we should be cautious with these data because users are frequently unaware of what compounds they are taking. Drug users also reported paranoia as an adverse effect of FUB-PB-22 (15) .
To date, all investigated SC are extensively metabolized in humans and are predominantly excreted as metabolites in urine (16) (17) (18) , complicating detection as metabolites are initially unknown. Since urine is the most common matrix in clinical, sport doping, or roadside testing, knowledge of human metabolism is essential for developing effective urine testing methods to verify FDU-PB-22 and FUB-PB-22 consumption. However, due to the lack of pharmacology, toxicity, and safety data, controlled human pharmacokinetic studies are not yet possible. Although there are no published data for FDU-PB-22 and FUB-PB-22, metabolism studies of their analogs PB-22, 5F-PB-22 (Fig. 1c) , and AB-FUBINACA are available (8, 19) . PB-22 and 5F-PB-22 underwent extensive ester hydrolysis, followed by oxidative defluorination for 5F-PB-22 (8) . The replacement of the fluoropentyl side chain with p-fluorobenzyl may lead to quite different metabolic profiles for FDU-PB-22 and FUB-PB-22, as the p-fluorobenzyl moiety were metabolically stable in AB-FUBINACA (19) .
Human hepatocytes were selected, rather than human liver microsomes (HLM), to better simulate a physiological liver environment (20, 21) . The hepatocyte incubation model was successful in our previous studies for identifying appropriate markers for AB-FUBINACA (19), AB-PINACA (22) , and AH-7921 (23), among others. Two urine samples collected from individuals suspected of driving under the influence of drugs also were analyzed to assess utility of our in vitro conclusions. Metabolite identifications were performed by high-performance liquid chromatography (HPLC) coupled to the 5600+ TripleTOF (time-of-flight) high-resolution mass spectrometer (HR-MS). The most dominant human hepatocyte metabolites were compared to urinary metabolites. We propose that these major metabolites will serve as useful urinary markers for identifying FDU-PB-22 and FUB-PB-22 intake during future forensic analysis.
We investigated in vitro human metabolism of FDU-PB-22 and FUB-PB-22 and confirmed our results in authentic urine specimens. The identified optimal urinary markers can be incorporated into screening methods for documenting SC intake, can assist associating observed adverse events with the causative substances, and can provide reference standard manufacturers with the most critical metabolites for their synthesis efforts.
MATERIALS AND METHODS

Chemicals and Reagents
FDU-PB-22 (91.93% pure) and FUB-PB-22 (97.68% pure) were kindly provided by the US Drug Enforcement Administration Special Testing and Research Laboratory (Dulles, VA, USA). Diclofenac was purchased from Toronto Research Chemicals (Toronto, Canada). Cryopreserved human hepatocytes (10-donor pool), GRO CP, and GRO KHB buffer for hepatocytes, 50-donor pooled HLM, and NADPHr e g e n e r a t i n g s o l u t i o n s w e r e a c q u i r e d f r o m BioreclamationIVT (Baltimore, MD, USA). Red Abalone 
Metabolic Stability Assay in HLM
HLM metabolic stability assays were performed in the same manner as in our previous manuscripts (19, 22) . Samples were stored at -80°C until analysis. After thawing and vortexing, samples were centrifuged again; 10 μL supernatant was diluted with 990 μL mobile phase A/B (90:10, v/v) and 10 μL injected for LC-MS/MS analysis.
The chromatographic system consisted of two LC20ADxr pumps, a DGU-20A3R degasser, a SIL-20ACxr auto-sampler, and a CTO-20A column oven (Shimadzu, Columbia, MD, USA). The Kinetex™ C 18 column (100 × 2.1 mm ID, 2.6 μm) was fitted with a KrudKatcher Ultra HPLC in-line filter (0.5 μm × 0.1 mm ID) (Phenomenex, Torrance, CA, USA). Mobile phases were 0.1% formic acid in water (A) and 0.1% formic acid in acetonitrile (B), and the gradient was 10% B for 0.5 min, ramped to 95% B at 10 min, then held until 12.5 min before re-equilibrating at 10% B for 2.5 min. Total run time was 15 min with a flow rate of 0.3 mL/ min. Column and autosampler temperatures were 40 and 4°C, respectively.
Data acquisition was performed on a 3200 QTRAP mass spectrometer (SCIEX, Redwood City, CA, USA) with Analyst software (version 1.6) in positive electrospray ionization (+ESI) mode. Ion source parameters were as follows: source temperature, 500°C; ion spray voltage, 4000 V; curtain gas, 30 psi; gas 1, 45 psi; gas 2, 70 psi. Two ion transitions were monitored for FDU-PB-22 (396 → 252; 396 → 109) and FUB-PB-22 (397 → 252; 397 → 109). For FDU-PB-22, declustering potential was 31 V; collision energy was 23 eV (target ion, T) and 47 eV (Qualifier ion, Q). For FUB-PB-22, declustering potential was 36 V; collision energy was 23 eV (T) and 47 eV (Q). Although we did not evaluate linearity, the dynamic range over which the parent compound's peak areas decreased in HLM was less than 30-fold, and we diluted samples 1:100 before data acquisition to avoid ion saturation; peak areas may not be linear.
Peak areas were plotted against time, and in vitro microsomal half-life (T 1/2 ) and intrinsic clearance (CL int, micr ) were calculated (24) . Microsomal intrinsic clearance was scaled to whole-liver dimensions yielding intrinsic clearance (CL int ). Human hepatic clearance (CL H ) and extraction ratio (ER) were calculated without considering plasma protein binding.
Metabolite Profiling in Human Hepatocytes
Hepatocyte incubation was performed as previously described (19, 22) . Chemical stability of FDU-PB-22 and FUB-PB-22 in KHB buffer also was performed (37°C, 3 h) to determine whether metabolites are generated without hepatocytes. Samples were stored at −80°C until analysis.
Samples were thawed and vortexed thoroughly. One hundred microliters of acetonitrile was added to 100 μL aliquot of samples, and the mixture was vortexed, centrifuged at 15,000g (4°C, 5 min), supernatant transferred to a new 10-mL plastic tube, evaporated to dryness under nitrogen at 40°C, and reconstituted in 150 μL mobile phase A/B (80:20, v/v). Fifteen microliters of reconstituted solution was injected for analysis.
The HPLC system consisted of two LC-20ADxr pumps, a DGU-20A5R degasser, a SIL-20ACxr autosampler, and a CTO-20 AC column oven (Shimadzu). Chromatographic separation was achieved on an Ultra Biphenyl column (100 × 2.1 mm ID, 3 μm) equipped with a guard column containing identical packing material. Gradient elution was performed with 0.1% formic acid in water (A) and 0.1% formic acid in acetonitrile (B) at a flow rate of 0.5 mL/min. Initial gradient conditions were 20% B, held for 0.5 min; then increased to 95% B over 10.5 min, held until 13.0 min; and returned to 20% B at 13.1 min and held until 15.0 min. HPLC eluent was diverted to waste before 2.0 min and after 13.0 min. The column oven and autosampler were maintained at 30 and 4°C, respectively.
Data were acquired on a 5600+ TripleTOF mass spectrometer (SCIEX) in (+)ESI mode. MS data were acquired by information-dependent acquisition (IDA) in combination with multiple mass defect filters (MDF) and dynamic background subtraction (DBS). Ion source parameters were as follows: gas 1, 60 psi; gas 2, 75 psi; curtain gas, 45 psi; source temperature 650°C; ion spray voltage, 4000 V; declustering potential, 80 V; collision entrance potential, 10 V. For IDA experiments, spectra exceeding 100 cps were selected for the dependent MS/MS scan, isotopes within 1.5 Da were excluded, and mass tolerance was 50 mDa. Spectra were acquired by scanning a mass range of m/z 100-1000 followed by product ion scanning from m/z 30 to 1000. Collision energy was set to 35 ± 15 eV. The mass spectrometer was automatically calibrated every three injections.
Acquired data were processed with MetabolitePilot (version 1.5, SCIEX) employing different peak-finding algorithms (common product ion and neutral loss, MDF, predicted biotransformation, and generic LC peakfinding) for identifying potential metabolites. LC peak intensity threshold was set at 200 cps, MS at 50 cps, and MS/MS at 25 cps. Special attention was given to phase II metabolites that are susceptible to significant in-source fragmentation.
Analysis of Authentic Human Urine Specimens
We analyzed two urine samples collected from individuals suspected of driving under the influence of drugs, provided by the National Board of Forensic Medicine in Linköping, Sweden. These two urine specimens were not from human experimental investigations. Specimens were anonymized and de-identified prior to shipment to our laboratory for analysis. These specimens are exempt from IRB approval as they are anonymized and do not fall under human experimental investigations. The corresponding blood sample for urine case 1 contained 0.21 ng/g FUB-PB-22, and the matched blood to urine case 2 contained 1.8 ng/g FUB-PB-22 and 0.99 ng/g FDU-PB-22.
Urine samples were prepared with and without enzymatic hydrolysis as described previously (18, 22) . Data acquisition and processing were the same as for hepatocyte samples; all four data mining algorithms were utilized and the search was not restricted to only metabolites previously identified in hepatocytes.
RESULTS
Metabolic Stability Evaluation in HLM
For FDU-PB-22, in vitro T 1/2 was 12.4 ± 0.36 min; in vitro CL int, micr was 0.056 mL/min/mg, corresponding to an intrinsic clearance (CL int ) of 52.7 mL/min/kg after scaling to wholeliver-dimensions (25) . Without considering plasma protein binding and with a simplified Rowland's equation (24, 26) , we calculated the predicted human CL H as 14.5 mL/min/kg and 0.72 ER. For FUB-PB-22, the in vitro T 1/2 , in vitro CL int, micr , CL int , CL H , and ER were calculated to be 11.5 ± 0.03 min, 0.060 mL/min/mg, 57.1 mL/min/kg, 14.8 mL/min/kg, and 0.74, respectively. (Figs. 2b and 3b) . All fragments were used as diagnostic ions for metabolite elucidation as similar cleavage patterns could be expected.
Analysis of FDU-PB-22 and FUB-PB-22 Reference Standards
FDU-PB-22 Metabolite Identification in Human Hepatocytes
In the 3-h hepatocyte sample, 4 phase I and 3 phase II metabolites were detected for FDU-PB-22, in addition to the parent compound (Fig. 2a, Table I ). None of these metabolites were observed after incubating FDU-PB-22 in buffer for 3 h, indicating metabolites formation was enzyme-dependent. Table I lists all the metabolites with their metabolic pathway, retention time, detected m/z, mass error, formula, major fragment ions, and peak areas in the 3-h sample. Metabolites were labeled BM^in the order of retention time. An overview of the biotransformation pathway is shown in Fig. 4 . Metabolite elucidation will be explained as follows.
Ester Hydrolysis
FDU-PB-22 was extensively hydrolyzed via ester hydrolysis, generating M7 (FBI-COOH), and 1-naphthol, which was identified in the form of naphthol glucuronide as M1. M7 displayed a protonated molecular ion [M + H]
+ at m/z 270.0932 and eluted at 6.38 min. The product ion spectrum revealed fragment ions at m/z 252.0825 and 109.0456, which were the same as those of FDU-PB-22 indicating the indole carbonyl and p-fluorobenzyl substructures were unchanged. A product ion at m/z 226.1027, which was generated by neutral loss of 43.9909 (-CO 2 ) from the precursor ion confirmed M7 being a carboxylic acid (Fig. 3g) . M1 eluted early at 3.30 min and produced fragment ions at m/z 145.0651 and 127.0543 (Fig. 3c) . Product ion m/z 145.0651 was formed by neutral loss of 176.0324 (glucuronic acid); further loss of water led to m/z 127.0543.
M7 Further Hydroxylation or Glucuronidation
The predominant metabolite M7 underwent further hydroxylation and/or glucuronidation, yielding five metabolites (M2, M3, M4, M5, and M6). Direct glucuronidation of M7 generated M5. M5 eluted at 4.95 min and produced fragment ions at m/z 270.0934, 252.0827, and 109.0452 (Fig. 3e) . Product ion m/z 270.0934 was formed by neutral loss of glucuronic acid; the other two product ions were the same as M7, suggesting M5 as a glucuronide of M7.
Three hydroxylated M7 metabolites were observed, i.e., M2, M4, and M6, eluting at 3.93, 4.93, and 5.18 min, respectively. M2, M4, and M6 shared similar fragments at m/z 268.0787 and 109.0455 (Fig. 3f) . Product ion m/z 268.0787 was formed by neutral loss of water from precursor ion m/z 286.0880 and was 15.9957 Da (+ O) larger than m/z 252.0830 of FDU-PB-22. Fragment m/z 109.0455 is shared with FDU-PB-22 parent, indicating the p-fluorobenzyl was unmodified. Therefore, we propose the hydroxylation to be on the indole moiety.
A glucuronide of hydroxylated M7 metabolite, M3, was detected at 4.07 min. M3 displayed product ions at m/z 286.0880, which was formed by neutral loss of glucuronic acid, and 268.0764 and 109.0456 (Fig. 3d) , which are shared with M2, M4, and M6.
FUB-PB-22 Metabolite Identification in Human Hepatocytes
In total, 4 phase I and 3 phase II metabolites were detected in human hepatocytes (Fig. 2b, Table I ). Table I summarizes all the metabolic pathways, observed m/z, mass error, retention time, formula, fragment ions, and peak area in the 3-h sample. An overview of the metabolic pathway is shown in Fig. 4 .
Similar to FDU-PB-22, FUB-PB-22 also underwent extensive ester hydrolysis, generating M7 (FBI-COOH), and the alcohol 8-quinolinol in the form of 8-quinolinol sulfate (M8). Sequential hydroxylation or glucuronidation metabolites from M7 were also the same (Fig. 4) . M8 eluted early at 1.05 min and displayed fragments at m/z 146.0599 and 128.0483 (Fig. 3h) . Fragment m/z 146.0599 was formed by neutral loss of 79.9569 Da (− SO 3 ); further loss of water led to m/z 128.0483.
Metabolite Profiling in Authentic Urine Specimens
FDU-PB-22 and FUB-PB-22 were highly metabolized with no parent drug detected in human urine specimens. As shown in Fig. 5a , c, four metabolites were identified in authentic urine 1 and 2 before hydrolysis, namely, M3, M5, M6, and M7. Glucuronide conjugates M3 and M5 were predominant metabolites.
After hydrolysis with β-glucuronidase, M3 and M5 disappeared, and the abundance of M6 and M7 increased significantly (Fig. 5b, d ). Therefore, we propose M3 as the glucuronide of M6 instead of its isomers M2 or M4 (Fig. 4) ; similarly, M5 was the glucuronide conjugate of M7.
DISCUSSION
HLM Metabolic Stability
In vitro T 1/2 and CL int estimate a drug's metabolic susceptibility and facilitate predicting in vivo hepatic clearance, in vivo half-life, and bioavailability (24). Short T 1/2 , high CL int , and predicted ER indicate that both FDU-PB-22 and FUB-PB-22 are rapidly metabolized drugs (25, 27) . HLM are rich in carboxylesterases and cytochrome P450 oxidases (28); probably the liver carboxylesterases catalyzed the hydrolysis of FDU-PB-22 and FUB-PB-22.
Metabolism of FDU-PB-22 and FUB-PB-22
Compared to 5F-PB-22 and AB-FUBINACA FDU-PB-22, FUB-PB-22, and 5F-PB-22 share similar substructures, i.e., an indole connects with naphthalene or quinoline via an ester bond. As expected, 5F-PB-22, FDU-PB-22, and FUB-PB-22 degraded significantly after 3-h incubation in hepatocytes. Ideally, intense metabolites that are specific for each parent compound should be targeted in forensic drug testing. In our study, however, no specific marker for FDU-PB-22 and FUB-PB-22 could be identified as both molecules are hydrolyzed quickly losing an essential part of their original structure. Though not perfect, FBI-COOH and its subsequent metabolites are considered the best targets based on our results.
Oxidative defluorination was the major metabolic pathway for ω-fluoropentyl chain containing drugs, such as 5F-PB-22, 5F-AKB-48, and THJ-2201 (8, 29, 30) . In our study, the pfluorobenzyl moiety was metabolically stable in the hepatocyte incubation and in vivo, with no biotransformation identified. This is consistent with metabolism of AB-FUBINACA, where aromatic defluorination and aromatic hydroxylation did not occur (19) .
FDU-PB-22 and FUB-PB-22 Shared Metabolites
Ester hydrolysis was the primary biotransformation for both compounds. In hepatocyte samples and authentic urine specimens, no FDU-PB-22 or FUB-PB-22 metabolites were detected that did not include ester hydrolysis. After ester hydrolysis, both compounds shared the same carboxylic acid metabolite, FBI-COOH (M7). FDU-PB-22, and FUB-PB-22 generated their specific alcohol conjugated metabolites M1 (naphthol glucuronide) versus M8 (quinolinol sulfate). Naphthol sulfate and quinolinol glucuronide were specifically investigated, but were not observed. However, the structures of M1 and M8 are too common and simple to be representative markers of FDU-PB-22 and FUB-PB-22 as they can also derive from other drugs of abuse, medicine, or food supplements (31) .
Urinary Metabolites for Documenting FDU-PB-22 and FUB-PB-22 Intake
Urine is the most common matrix for drug detection and screening due to easy collection, adequate specimen volume, and higher drug concentrations compared to blood producing prolonged detection windows, hence, the importance of identifying urinary metabolites. When extrapolating the hepatocyte metabolites to human urine, some issues such as extrahepatic metabolism (32) , kidney uptake or efflux transporters (33), metabolites' enrichment in urine (34, 35) , and time after drug intake may affect the relative abundance of urinary metabolites and selection of confirming markers. Thus, it is important to evaluate the metabolic profiles in authentic urine specimens if available to further document FDU-PB-22 and FUB-PB-22 urinary markers.
In our study, we analyzed two urine specimens collected from individuals suspected of driving under the influence of drugs. The corresponding blood of urine 1 was positive for FUB-PB-22, and the corresponding blood of urine 2 was positive for FUB-PB-22 and FDU-PB-22. For both urine samples, two primary metabolites were detected after hydrolysis, namely, M6 (hydroxylated FBI-COOH) and M7 (FBI-COOH). Similar to the metabolic profile in the hepatocyte samples, M7 also was the predominant metabolite in both urine specimens. The relative abundance of M6 in urine was much higher than in hepatocytes most likely due to urine specimen collection times later after FDU-PB-22 and/or FUB-PB-22 ingestion than the 3-h hepatocyte incubation time. The abundance ratio of M6 to M7 in urine 1 is different from that in urine 2; this may be attributed by various factors, such as different collection time points and individual variability in drug-metabolizing enzyme activities (19, 22, 36) . Definitively identifying the substance consumed is required for forensic testing in some jurisdictions and is difficult when identical metabolites arise from both a scheduled and non-scheduled compound. Therefore, metabolites M6 (hydroxylated FBI-COOH) and M7 (FBI-COOH) are good urinary markers to confirm consumption of FDU-PB-22 and/ or FUB-PB-22. However, it is not possible to distinguish FDU-PB-22 from FUB-PB-22 intake, because after extensive ester hydrolysis, they share the same metabolites (M2-M7, Fig. 4 ). As discussed, M1 and M8 can derive from many origins and their structures are too simple to be representative of FDU-PB-22 or FUB-PB-22. Although the corresponding blood of urine 1 was only positive for FUB-PB-22 and the corresponding blood of urine 2 was positive for both FUB-PB-22 and FDU-PB-22, they had similar metabolite profiles. Definitive differentiation of FDU-PB-22 from FUB-PB-22 intake would require identification of the parent compound in the blood or oral fluid, and the windows of detection of the potent parent compounds in these matrices are expected to be short based on their metabolic stability and low dosage.
Usefulness of Hepatocyte Incubation Model for In Vivo Human Metabolite Confirmation
Human hepatocytes offer many advantages over HLM for identifying human metabolites of NPS. Hepatocytes are more representative of the physiological liver environment containing all phase I and II drug-metabolizing enzymes, cofactors (such as NADPH), and drug transporters (21, (37) (38) (39) . In addition, compounds must penetrate across cell membranes before being metabolized, which is not the case for HLM. The hepatocyte incubation model has proven to be successful in confirming consumption of AB-FUBINACA (19), AB-PINACA (22) , and AH-7921 (23). In our study, the top 2 major metabolites in hepatocytes, M6 (hydroxylated FBI-COOH) and M7 (FBI-COOH), are also the dominant metabolites in authentic urine specimens. These data empower clinical laboratories to target urinary markers of FDU-PB-22 and FUB-PB-22 intake and manufacturers to focus their synthesis efforts on the most appropriate target M7. These data also enable linkage of adverse events to specific SC or in this case to either FDU-PB-22 or FUB-PB-22. Our analytical hepatocyte incubation and HR-MS strategy is applicable for studies of newly emerging SC.
CONCLUSIONS
We characterized for the first time, in vitro and in vivo human metabolism of FDU-PB-22 and FUB-PB-22. The hepatocyte incubation model has proven to be successful in predicting in vivo human major metabolites. In authentic urine specimens, M6 (hydroxylated FBI-COOH) and M7 (FBI-COOH) were primary metabolites and are proposed as the best urinary markers for documenting FDU-PB-22 and/or FUB-PB-22 intake. These data establish the foundation for forensic and clinical scientists to develop analytical screening methods for identifying FDU-PB-22 and/or FUB-PB-22 intake.
